The first total syntheses of schilancidilactones A and B, schilancitrilactone A, and 20-epi-schilancitrilactone A have been accomplished using a nickel-catalyzed cross coupling of alkyl bromide with vinyl stannane as the final step. The other key steps include late-stage C(sp 3 )-H bromination, the oxidative cleavage of a diol to provide the requisite ketone and ester for schilancidilactones A and B, and Dieckmann-type condensation to generate the A ring of schilancitrilactone A and 20-epi-schilancitrilactone A.
core bearing eleven stereocenters. The synthesis of these molecules is challenging. To the best of our knowledge, no syntheses of schilancidilactones A and B (1 and 2), schilancitrilactone A (3) and its epimer 3 0 have been reported to date. In this communication, we present the rst total syntheses of schilancidilactones A and B (1 and 2), schilancitrilactone A (3), and 20-epi-schilancitrilactone A (3 0 ) using late-stage nickelcatalyzed intermolecular cross coupling for C-C bond formation as a key step. In a retrosynthetic analysis (Scheme 1), we envisioned that schilancidilactones A and B (1 and 2), schilancitrilactone A (3), and 20-epi-schilancitrilactone A (3 0 ) might be synthesized by the late-stage nickel-catalyzed intermolecular cross coupling of vinyl stannane 6 with alkyl bromides 7 and 10, respectively. Alkyl bromide 7 was expected to arise by the oxidative cleavage of a diol, followed by late-stage C(sp 3 )-H bromination at the C20 center of compound 8, which in turn could be constructed from compound 9 by a series of steps. Alkyl bromide 10 would arise from compound 11 through Dieckmann-type condensation to generate the A ring and late-stage C(sp 3 )-H bromination at the C20 center. Compound 11 in turn could be prepared from building blocks 12 and 13 using the chemistry developed in our total syntheses of 4 and 5. Building blocks 6, 9 and 13 were common intermediates in our total syntheses of 4 and 5.
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The synthesis commenced with the production of alkyl bromide 7 (Scheme 2). The treatment of compound 9 with LDA in THF and the subsequent reaction with O 2 in the presence of P(OMe) 3 gave the desired alcohol 14 in 77% yield.
11 The epoxidation of 14 with VO(acac) 2 and TBHP gave epoxide 15 in 97% yield as a single isomer. 12 The conguration of epoxide 15 was determined by the X-ray crystallographic analysis. The addition of methyl magnesium bromide provided the corresponding diol 8 (d.r. ¼ 1.5 : 1 at C1), followed by the oxidative cleavage of the diol using PDC to give ketone 16 in 48% overall yield (2 steps).
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Subsequently, intermediate 16 underwent reductive ring opening with SmI 2 to give alcohol 17 in 60% yield, 14 which was converted to the corresponding alkyl bromide 7 through late stage C(sp 3 )-H bromination at C20 with pyridinium tribromide (PyHBr 3 ) in 81% yield (d.r. ¼ 7 : 1 at C20). 15 The selectivity of bromination at C20 rather than C19 might result from less steric hindrance at C20 in compound 17. The initial attempts to achieve late-stage C(sp 3 )-H iodination at C20 failed.
With alkyl bromide 7 in hand, we attempted to nish the total syntheses of schilancidilactones A and B. In our initial synthetic design, we planned to take advantage of the intermolecular radical addition reaction to form the C20-C22 bond based on the chemistry developed in our total syntheses of 4 and 5. The traditional radical conditions (AIBN and Bu 3 SnH) led to the hydrodebromination product and no desired product was observed. Photoredox catalysis 16 was also evaluated and no desired product was found. Inspired by recent advances in the nickel catalyzed cross coupling of alkyl halides for the formation of C-C bonds, 17 we postulated our total syntheses of 1 and 2 to involve a late-stage cross coupling reaction with nickel to form the C20-C22 linkage. So we investigated the nickel catalyzed cross coupling reaction of alkyl bromide 18 with vinyl stannane 6 as the model study. Firstly, the conditions developed by the Fu group 18 were tested, but no desired product was found (Table 1 , entry 1). The hydrodebromination product was a major side product under this condition. With Ni(cod) 2 as the catalyst, the various ligands were evaluated and bis(diphenylphosphino) methane (dppm) was found to give a 28% yield of 19 and 28% yield of 19 0 (Table 1 , entries 2-6). No desired product was observed with NiCl 2 or Ni(acac) 2 as the catalysts (Table 1 , entries 7 and 8). The amounts of Ni(cod) 2 and dppm were crucial for the reaction to proceed efficiently. When 40 mol% Ni(cod) 2 and 60 mol% dppm were used, a total 80% yield was observed (Table  1 , entry 10). Aer thorough optimization of the reaction conditions (see more details in the ESI †), reactions with 40 mol% Ni(cod) 2 and 60 mol% dppm in 1,4-dioxane at 60 C under N 2 were found to give high yields of the desired product. The Z-and E-products might refer to the radical being involved in this cross coupling reaction. Perhaps unsurprisingly, no reaction occurred when a radical inhibitor, such as TEMPO, was added (Table 1 , entry 11).
With the optimum reaction conditions, schilancidilactones A (1, 36%) and B (2, 7%) were synthesized from alkyl bromide 7 and vinyl stannane 6 in 43% total yield (Scheme 3). The characterization data obtained for synthetic 1 and 2 were identical to the data reported for the natural products. 0 in 31% yield. 19 The structure of isomer 21 0 was conrmed by X-ray crystallographic analysis. The methanolysis of iodolactone 21 with NaOMe provided epoxide 22, 20 followed by selective epoxide opening and efficient cyclization to deliver lactone 23. The protection of the primary hydroxyl group in 23 as a TBS ether furnished the desired alkyl iodide 12 in 70% yield for the two steps.
We now moved to the stage for the completion of the total syntheses of schilancitrilactone A (3) and its epimer (3 0 ). Based on the chemistry developed in our total syntheses of 4 and 5 and the precedent research by Yang's group (Scheme 5), 2,5,6 lactone 12 was treated with LDA in THF and the resulting enolate was reacted with aldehyde 13 to give compound 24 in 88% yield (d.r. ¼ 9 : 1 at C19), which then underwent dehydration to obtain a 3 : 1 mixture of diene 25 in 93% yield.
21 Under the Luche conditions [CuI, Zn], 22 product 26 was prepared in 56% yield (d.r. ¼ 7 : 1 at C10) through intramolecular radical cyclization. The oxidation of compound 26 by reaction with LDA in the presence of O 2 and P(OMe) 3 gave alcohol 27, which could be converted into acetate 11 in 93% yield. The treatment of acetate 11 with LDA formed lactone 28 through intramolecular Dieckmann-type condensation in 82% yield, 2,6 followed by dehydration with Martin's sulfurane to give the unsaturated lactone 29 in 75% yield.
23 The selective reduction of 29 with Lselectride generated lactone 30, which underwent hydration under Mukaiyama conditions [Co(acac) 2 , PhSiH 3 , O 2 ] to install a tertiary alcohol and give compound 31. 24 Finally, we used latestage C(sp 3 )-H bromination followed by nickel catalyzed cross coupling to nish the total synthesis of schilancitrilacetone A (3) along with its C20-epimer (3 0 ). The spectra and physical properties of schilancitrilacetone A (3) are identical to those reported for the natural product.
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Conclusions
In summary, we accomplished the rst total syntheses of schilancidilactones A and B, schilancitrilactone A, and 20-epischilancitrilactone A. A nickel-catalyzed intermolecular cross coupling of alkyl bromide with vinyl stannane was developed to form the C-C bond in the late stage as a key step. In this way, the right hand moieties present in this family of natural products were prepared in the nal step of each total synthesis. This strategy shows promise for entry into other derivatives and analogues by way of a common intermediate, which may facilitate the biological studies of Schisandraceae titerpenoids.
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